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(54) Control system for a linear vibration motor 

(57) A control system for a linear vibration motor 
capable of eliminating necessity of a separate sensor of 
detecting the motion of the motor. The linear vibration 
motor includes a stator provided with a winding, and a 
vibrator provided with a permanent magnet. The wind- 
ing is fed with a drive current to generate a magnetic 
field which interacts with the permanent magnet to 
cause the vibrator to reciprocate linearly relative to the 
stator for producing a vibration. The control system 
includes a controller which detects an ongoing ampli- 
tude, i.e., the motion represented by the displacement, 
speed, or acceleration of the vibrator and provides ON- 
periods of feeding the driving current to the winding in a 

FIG. 1 



varying amount based upon the ongoing amplitude 
detected in order to keep a vibration amplitude of the 
vibrator constant The controller is characterized to pro- 
vide OFF-period in which the controller instructs not to 
feed the drive current and in which the controller detects 
a voltage developed across the winding and determines 
the ongoing amplitude based upon the detected volt- 
age. Thus, the winding can be best utilized commonly to 
drive the motor and to sense the ongoing amplitude or 
motion of the vibrator, thereby eliminating an additional 
sensor for detection of the motion of the vibrator. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention is directed to a control 
system for a linear vibration motor, and more particu- 
larly to a system of driving a vibrator linearly with 
respect to a stator at a uniform amplitude. 

2. Description of the Prior Art 

[0002] U.S. Patent No. 5,632,087 discloses a linear 
vibration motor composed of a stator with a winding and 
a vibrator with a permanent magnet. A drive current is 
fed to the winding to generate a magnetic field with 
interacts with the permanent magnet to reciprocate the 
vibrator linearly relative to the stator. A coil sensor is 
additionally provided in an opposed relation with perma- 
nent magnets embedded in the vibrator to produce a 
voltage which is indicative of the speed of the vibrator, 
i.e., an ongoing amplitude of the vibrator in motion. 
Based upon the ongoing amplitude, a control is made to 
vary the drive current in order to keep the amplitude 
constant at a desired level. However, this control system 
requires the coil sensor which gives an additional cost 
and requires an additional space for the sensor, making 
it difficult to reduce the vibration motor into a compact 
structure with a reduced cost 

[0003] Another prior art is Japanese Patent Early 
Publication No. 62-285655 which discloses an actuator 
with a speed feedback control composed of a vibrator 
with first and second windings and a stator with a per- 
manent magnet. The first windings is utilized to solely 
receive a drive current for moving the vibrator, while the 
second winding is utilized selectively to receive the drive 
current and to sense a voltage indicative of the speed of 
the vibrator for feedback control of the actuator based 
upon the voltage. The selection of the functions is made 
by a switch so that the second winding does not act to 
drive the vibrator while the second winding is switched 
to act as the sensor, and vice versa. Thus, the actuator 
necessitates at least two windings, which is a still hin- 
drance to compacting the structure. 
[0004] Further, Japanese Patent Early Publication 
No. 49-77116 discloses a voice-coil type linear motor 
composed of a vibrator with a moving coil and a stator 
with a permanent magnet. The moving coil receives a 
drive current to be driven thereby to vibrate and gener- 
ate a voltage including a component indicative of the 
speed of the moving coil. An equivalent circuit to the 
moving coil is provided to give an output corresponding 
to a voltage of the moving coil in a stationary state. The 
output is compared to the voltage of the moving coil in 
motion in order to derive the component indicative of the 
speed of the moving coil. Bases upon thus derived com- 
ponent or the speed of the moving coil, a control is 



made to drive the moving coil. In this prior art, the equiv- 
alent circuit adds an extra bulk to the structure, making 
it difficult to achieve a compact design for the linear 
motor. 

5 

SUMMARY OF THE INVENTION 

[0005] In view of the above problems, the present 
invention has been achieved to provide a control system 

io for a linear vibration motor which is capable of eliminat- 
ing a separate sensor of detecting the motion of the 
motor for reducing a number of components and a man- 
ufacturing cost as well as reducing an overall size of the 
liner vibration motor. The linear vibration motor com- 

15 prises a stator provided with one of a permanent mag- 
net and a winding, and a vibrator provided with the other 
of the permanent magnet and the winding. The winding 
is fed with a drive current to generate a magnetic field 
which interacts with the permanent magnet to cause the 

20 vibrator to reciprocate linearly relative to the stator for 
producing a vibration. The control system in accordance 
with the present invention includes a controller which 
detects an ongoing amplitude, i.e., the motion repre- 
sented by the displacement, speed, or acceleration of 

25 the vibrator and provides ON-periods of feeding the 
driving current to the winding in a varying amount based 
upon the ongoing amplitude detected in order to keep a 
vibration amplitude of the vibrator constant The control- 
ler is characterized to provide OFF-period in which the 

30 controller instructs not to feed the drive current and in 
which the controller detects a voltage developed across 
the winding and determines the ongoing amplitude 
based upon the detected voltage. Thus, the winding can 
be best utilized commonly to drive the motor and to 

35 sense the ongoing amplitude or motion of the vibrator, 
thereby eliminating an additional sensor for detection of 
the motion of the vibrator. 

[0006] The vibrator vibrates at substantially a fixed 
frequency. Due to the know frequency, the controller 

40 provides a first OFF-period which is set to continue for a 
predetermined duration within which the vibrator is 
expected to reach a maximum displacement. Then, the 
controller determines a reference time within the first 
OFF-period when the voltage across the winding 

45 becomes zero as indicative of that the vibrator reaches 
the maximum displacement. Based upon the reference 
time, the controller determines a subsequent ON-period 
after a first predetermined time interval from the refer- 
ence time, and determines a subsequent OFF-period 

so after a second time interval from the reference time. 
Thus, the reference time can be renewed each time the 
voltage becomes zero in the OFF-period, enabling to 
provide the subsequent ON-period as well as OFF- 
period accurately for consistent control of the linear 

55 motor. 

[0007] Preferably, the controller reads the voltage 
across the winding at a detection timing after a prede- 
termined time from the reference time so as to deter- 
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mine the ongoing amplitude of the vibrator from the 
voltage. 

[0008] Alternately, the controller may be designed 
to obtain a time difference within the OFF-period 
between a first timing at which the voltage reaches a 
first reference voltage and a second timing at which the 
voltage reaches a second reference voltage which is dif- 
ferent from the first reference voltage. Then, the control- 
ler determines the ongoing amplitude of the vibrator 
from thus obtained time difference. In this case, the first 
reference voltage is set to be zero so that the controller 
can determine the first timing as the reference time. 
[0009] Further, the controller may be designed to 
obtain a voltage difference between a first voltage of the 
winding detected at a first predetermined time from the 
reference time and a second voltage of the winding 
detected at a second predetermined time from the refer- 
ence time. The first and second predetermined times 
are within the OFF-period and different from each other. 
Then, the controller determines the ongoing amplitude 
of the vibrator from thus obtained voltage difference. 
[0010] The OFF-period may be defined within each 
cycle of the vibration or alternately be defined to appear 
only once within more than one cycle of the vibration. 
[0011] The driven current is in the form of a pulse- 
width -modulated (PWM) signal having a variable width 
corresponding to the ON-period. The ON-period is lim- 
ited to haveamaximum width to afford the OFF-period 
in one cycle of the vibration. 

[0012] Preferably, the controller is designed to feed 
the drive current partly in the form of a pulse -width -mod- 
ulated (PWM) signal during a first fraction ON-period of 
variable width and the rest in the form of a fixed width 
signal during a second fraction ON-period of fixed width. 
The first ON-period occurs in a half cycle of a particular 
cycle of the vibration, while the second ON-period 
occurs in the other half cycle of the same cycle so that 
the OFF-period occurs together with the second ON- 
period within the other half cycle. Thus, the vibrator can 
receive driving forces which are generated respectively 
in the half cycles and act in opposite moving directions, 
thereby making efficiently controlled vibration. 
[0013] The controller is preferred to include a low 
amplitude compensator which monitors the ongoing 
amplitude of the vibration and issues a restriction signal 
when the ongoing amplitude is lower than a minimum 
reference amplitude. In response to the restriction sig- 
nal, the controller disables to provide the OFF-period 
and at the same time elongates the ON-period to feed 
the drive current to a maximum extent over the following 
predetermined cycles of said vibration. Thus, the vibra- 
tor can be rapidly restored to vibrate at the intended 
amplitude. 

[0014] These and still other objects and advanta- 
geous features of the present invention will become 
more apparent from the following detailed description of 
the preferred embodiment when taken in conjunction 
with the attached drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

5 FIG. 1 is a schematic view of a control system for a 

linear vibration motor in accordance with a pre- 
ferred embodiment of the present invention; 
FIG. 2 is a waveform chart illustrating the operation 
of the control system; 

io FIG. 3 is a flow chart illustrating the operation of the 
control system; 

FIG. 4 is a schematic view of an amplitude detector 
utilized in the above system; 

FIGS. 5 and 6 are waveform charts illustrating mod- 
15 ified manners of providing an OFF-period which 

may be utilized in the above control system; and 
FIG. 7 is a waveform chart illustrating the operation 
of a modification of the above control system. 

20 DETAILED DESCRIPTION OF THE EMBODIMENT 

[0016] Referring now to FIG. 1, there is shown a 
control system for a linear vibration motor in accordance 
with a preferred embodiment of the present invention. 

25 The liner vibration motor comprises a stator 10 with a 
single winding 11 and a vibrator 20 embedded with a set 
of permanent magnets 21 and 22. The stator 10 is 
mounted to a frame 30 to which the vibrator 20 is cou- 
pled by means of springs 31 and 32. The winding 11 is 

30 energized by a controller 40 to generate a magnetic 
field which interacts with the permanent magnets 21 
and 22 to develop a driving force of vibrating the vibrator 
20 linearly with respect to the stator 10 between the 
opposite ends of the frame 30. The springs 31 and 32 

35 are cooperative with a magnetic compliance of the 
motor to give an oscillation system having a natural fre- 
quency so that the vibrator 20 vibrates at substantially a 
fixed frequency. 

[0017] The controller 40 includes an output control - 

40 ler 50 which is connected to supply a driving current in 
the form of a pulse-width-mbdulated (PWM) signal to 
the winding 11 for developing the driving force of moving 
the vibrator 20. That is, the output controller 50 provides 
an ON-period of varying width during which the drive 

45 current is fed to the winding. A feedback control is made 
to vary the ON-period in accordance with an ongoing 
motion detected for the vibrator 20 in order to drive the 
vibrator 20 at a predetermined amplitude. For this pur- 
pose, the controller 40 includes an amplitude detector 

so 60 which is connected to the winding 11 to monitor a 
voltage developed across the winding 11 as a parame- 
ter indicating the ongoing motion of the vibrator 20. The 
monitoring of the voltage is done within an OFF-period 
of feeding no driving current to the winding 11. Other- 

55 wise, i.e., if the monitoring be done within the ON-period 
of feeding the driving current, the monitored voltage 
would involve a component resulting from the driving 
current and therefore could not be indicative of the 
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ongoing motion of the vibrator 20. Also included in the 
controller 40 is an OFF-period allocator 70 which issues 
to the output controller 50 an allocation signal determin- 
ing the start and end of the OFF-period so that the out- 
put controller 50 gives the OFF-period of not feeding the 
driving current to the winding 1 1 . The allocator 70 deter- 
mines the start and end of the OFF-period based upon 
preference time at whicrrthe Vibrator 20"s¥e^ "a~maxi : " 
mum displacement or moves to one stroke-end of the 
vibration. It is known that, when the vibrator 20 sees the 
maximum displacement during the OFF-period, a volt- 
age across the winding 11 becomes zero. In view of 
this, the allocator 70 monitors the voltage across the 
winding 1 1 to acknowledge the reference time when the 
voltage becomes zero. Further, the controller 40 
includes a start-up controller 80 and a lowered ampli- 
tude compensator 90. The start-up controller 80 defines 
a start-up sequence of feeding the drive current over 
several cycles of the vibration without providing the 
OFF-period for successfully starting the vibration. The 
compensator 90 is provided to deal with an unexpected 
lowering of the ongoing amplitude and restore the vibra- 
tion of the intended amplitude quickly by feeding the 
drive current to a maximum extent without providing the 
OFF-period over the following several cycles of the 
vibration after detection of the lowered ongoing ampli- 
tude. 

[0018] The ON-period and the OFF-periods are 
determined in a manner as shown in FIG. 2 which 
includes a displacement curve D of the vibrator, the 
drive current Id, the voltage V developed across the 
winding, a displacement signal X .for detection of the 
maximum displacement, and a speed signal S for 
detection of the speed of the vibrator 20. As seen in 
FIG. 2, the ON-periods T ON i and T ON2 are set to appear 
respectively in the adjacent half cycles of the vibration 
so that the drive current is fed in each half cycle to force 
the vibrator in each direction. Whenever the OFF-period 
T OFF is required, it is set to appear only in one half cycle 
subsequent to the ON-period T ON2 in such a manner 
that the vibrator sees the maximum displacement dur- 
ing this OFF period Tqff Operation of the control sys- 
tem is now explained with reference to FIG. 2 and a flow 
chart of FIG. 3. Upon energization of the motor, the 
start-up sequencers made in which the start-up control- 
ler 80 operates to determine the maximum width of the 
ON-period within each half cycle of the vibration as well 
as to activate a start-up counter so that the start-up 
sequence continues over initial cycles of the vibration. 
In operation, if the counter gives less time count than 
the predetermined counts defining the initial cycles, the 
start-up sequence is judged to continue and a control 
proceeds to set a start-up mode on, followed by that the 
output controller 50 determines the start and end timing 
of the ON-periods and supplies the drive current during 
the ON-periods for driving the vibrator 20. During the 
start-up sequence, the OFF-period allocator 70 is ren- 
dered inactive so as not to provide the OFF-period. 



When the counter gives the predetermined counts or 
more, the start-up sequence is judged to be ended and 
the control proceeds to set the start-up mode off and to 
repeat one sequence of feeding the drive current. 

5 Thereafter, i.e., after the start-up mode is set off, the 
OFF-period allocator 70 is operative to provide the first 
OFF-period within which the vibrator is expected to see 
the maximum a1s^cement~as shown in FIG72. ThatTsT 
the allocation signal indicating the start t5 and end t6 of 

w the OFF-period is fed from the allocator 70 to the output 
controller 50. At this time, the output controller 50 deter- 
mines the ON-periods of suitable width and therefore 
provide the ON-periods for feeding the drive current, 
and the OFF-period for detection of the ongoing ampli- 

15 tude. That is, the output controller 50 determines the 
ON-periods Tqni and T ON2 which starts and ends 
respectively at times t1 and t2, and times t3 and t4. 
Based upon these settings the output controller 50 
feeds the drive current for driving the vibrator while leav- 

20 ing the OFF-period Tqff 05 to t6), after which the con- 
trol proceeds to a normal feedback control mode. 
[0019] In the feedback control mode, the OFF- 
period allocator 70 is operative to obtain within the OFF- 
period the reference time TO at which the voltage across 

25 the winding becomes zero as indicative of that the vibra- 
tor 20 reaches the maximum displacement Thus 
obtained reference time TO serves as a basis upon 
which the next ON-periods as well as the next OFF- 
period are set on a time axis. Also within the OFF- 

30 period, the amplitude detector 60 is operative to detect 
a time difference Ts (=T0 - T1) between a time TO at 
which the voltage across the winding is zero V 0 and a 
time T 1 at which the voltage is V 1 lower than V 0 . The 
time difference Ts is indicative of an acceleration of the 

35 moving vibrator 20 at the particular time or phase of the 
vibration, and is processed to obtain the ongoing ampli- 
tude expected for the vibrator 20. The ongoing ampli- 
tude can be definitely determined from the acceleration 
due to the fact that the vibrator oscillates at the fixed fre- 

40 quency along a sinusoidal curve. Thus, the acceleration 
at the particular time or phase can induce a specific 
sinusoidal curve with a specific amplitude. Similarly, the 
voltage indicative of the speed of the vibrator at the par- 
ticular time can definitely induce the ongoing amplitude. 

45 Therefore, the amplitude detector could monitor the 
voltage at the particular time to obtain the ongoing 
amplitude. 

[0020] FIG. 4 shows details of the amplitude detec- 
tor 60 for detection of the above time difference Ts (=T 0 

so - T^. The detector 60 comprises an amplifier 61 , a pair 
of comparators 62 and 63, and an amplitude calculator 
64. The amplifier 61 amplifies the voltage across the 
winding 11 to provide the resulting amplified voltage to 
the comparators 62 and 63. The first comparator 62 

55 compares the amplified voltage with a first reference 
voltage corresponding to Vo to provide the displace- 
ment signal X which becomes high when the former 
voltage proceeds the latter, as shown in FIG. 2. The 
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second comparator 63 compares the amplified voltage 
with a second reference voltage corresponding to Vj 
and provides the speed signal S which becomes high 
when the former voltage exceeds the latter, as shown in 
FIG. 2. The signals X and S are fed to the amplitude cal- 5 
culator 64 where the signals are processed to obtain the 
time difference Ts and calculate the ongoing amplitude 
from the time difference as discussed in the above. 
Thus calculated ongoing amplitude is fed back to the 
output controller 50 which responds to turn on and off w 
transistors 51 to 54 of a driver 55 for feeding the drive 
current during the variable ON-periods. 
[0021] Turning back to FIG. 3, if the ongoing ampli- 
tude is found not to be lower than a minimum reference 
level during the feedback mode, the output controller 50 is 
determines the width of the next ON-period in compen- 
sation for the detected ongoing amplitude in order to 
keep the vibration amplitude constant. Then, the OFF- 
period allocator 70 sets the start and end timings t5 and 
t6 of the next OFF-period based on the reference time 20 
T 0 . Subsequently, the output controller 50 sets the start 
and end timings t1 and t2 and t3 and t4 of the next ON- 
periods in consideration of the determined width of the 
ON-period and the start and end timing of the next OFF- 
period. Thereafter, the output controller 50 operates to 25 
feed the drive current during the ON-periods for driving 
the vibrator 20. In this embodiment, the OFF-period is 
set in each following cycle of the vibration to determine 
the reference time T 0 and monitor the ongoing voltage 
.-..cp for continued feedback control of the motor based upon 30 

the monitored ongoing amplitude unless the ongoing 
: amplitude becomes lower than the minimum reference 

level. 

[0022] The lowered amplitude compensator 90 is 
provided to monitor the ongoing amplitude and issues a 35 
restriction signal when the monitored ongoing ampli- 
tude becomes lower than the minimum reference level. 
In response to the restriction signal, a restore mode is 
set on, instructing the output controller 50 to provide no 
OFF-period and provide the ON-period of maximum 40 
width for feeding the drive current sufficiently in order to 
rapidly restore the vibration of the intended amplitude. 
Thus, the output controller 50 determines the start and 
end of the elongated ON-period and feeds the drive cur- 
rent in the immediately subsequent one cycle of the 45 
vibration. Once the restore mode is set on due to the 
lowered ongoing amplitude, the control sequence 
branches off to a restoring routine until the restore mode 
is set off after repeating several cycles of the vibration. 
The restoring routine begins with the determination of so 
the maximum ON-period followed by activating a 
restore counter. Until the restore counter reaches pre- 
determined counts, the output controller 50 feeds the 
drive current during the elongated ON-period for driving 
the vibrator at the maximum force. When the restore 55 
counter reaches the predetermined counts, the restore 
mode is set off so that the output counter 50 provides 
the ON-period as well as the OFF-period by setting the 
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start and end timings respectively for the ON-period and 
the OFF-period and feed the drive current. Thereafter, 
the control sequence goes back to the feedback control 
mode. 

[0023] In this embodiment, the two ON-periods are 
set in each cycle of the vibration in such a manner that 
the first ON-period T G ni appearing in one half cycle has 
a fixed width and the second ON-period T 0N2 appearing 
in the other half cycle has a variable width responsible 
for the feedback control. Thus, the PWM control is 
required only during the half cycle of the vibration, 
thereby simplifying a structure of controlling the switch- 
ing transistors of the driver 55 responsible for feeding 
the drive current to the winding. 

[0024] It is noted in this connection that the second 
ON-period T ON2 has a limited width to afford the OFF- 
period in the same half cycle in which the drive current 
as well as a residual current does not flow. Also, the 
OFF-period is set to terminate shortly after the timing 
when the vibration reaches the maximum displacement 
so that the ON-period T ON1 starts just after the timing 
for increased driving efficiency of the motor. 
[0025] Although in the above embodiment the 
OFF-period is set in the half cycle of the vibration where 
the vibrator moves in one particular direction, the OFF- 
period T 0 ff may be set to appear alternately in one half 
cycle and the other half cycle of the vibration, as shown 
in FIG. 5, so that the ongoing amplitude can be detected 
while the vibrator moves in one direction at a time and in 
the opposite direction at the next time. Further, as 
shown in FIG. 6, the OFF-period T OF f may be set to 
appear once within several cycles of the vibration. In 
this condition, the feedback control of varying the ON- 
periods may be made stepwise within the several cycles 
of the variation. 

[0026] As shown in FIG. 7 which is a modification of 
the above embodiment, the amplitude detector 50 may 
be configured to determine the ongoing amplitude 
based upon a difference Vs (= V 3 - V 4 ) in the voltage 
developed across the winding 11 between a first voltage 
V 3 detected at a time T 3 and a second voltage V 4 
detected at a time T 4 . Times T3 and T4 are set to be 
within the OFF-period and are measured from the refer- 
ence time TO. Thus obtained voltage difference Vs is 
indicative of the acceleration of the vibrator at the partic- 
ular time and is processed to give the ongoing ampli- 
tude for effecting the feedback control. 

LIST OF REFERENCE NUMEALS 

[0027] 

10 stator 

11 winding 

20 vibrator 

21 permanent magnet 

22 permanent magnet 
30 frame 
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spring 
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spring 
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controller 
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output controller 


51 


transistor 


52 


transistor 
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transistor 
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55 


driver 


60 


amplitude detector 


61 


amplifier - 


62 


comparator 


63 


comparator 


64 


amplitude calculator 


70 


OFF-period allocator 


80 


start-up controller 


90 


lowered amplitude compensator 


Claims 



1 . A control system for a linear vibration motor, 
said linear vibration motor comprising: 

a stator provided with one of a permanent mag- 
net and a winding; 

a vibrator provided with the other of said per- 
manent magnet and said winding, and 
said winding being fed with a drive current to 
generate a magnetic field which interacts with 
said permanent magnet to cause said vibrator 
to reciprocate linearly relative to said stator for 
producing a vibration; said control system 
including: 

a controller which detects an ongoing ampli- 
tude of said vibrator and provides ON-periods 
of feeding said driving current to said winding in 
a varying amount based upon the ongoing 
amplitude detected in order to keep a vibration 
amplitude of said vibrator constant; 
wherein said controller provides OFF-periods 
in which said controller instructs not to feed 
said driving current and in which said controller 
detects a voltage developed across said wind- 
ing and determines said the ongoing amplitude 
based upon said voltage. 

2. The control system as set forth in claim -1 , wherein 

said vibrator vibrates at substantially a fixed 
frequency, 

said controller providing a first OFF-period 
which is set to continue for a predetermined 
duration within which said vibrator is expected 
to reach a maximum displacement, 
said controller determining a reference time 
within said first OFF-period when the voltage 
across said winding becomes zero as indica- 
tive of that said vibrator reaches the maximum 



3. 
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15 



20 



25 



30 



35 



5. 



6. 



40 



45 8. 



50 



55 



displacement, 

said controller determining a subsequent ©N- 
period after a first predetermined time interval 
from said reference time, and determining a 
subsequent OFF-period after a second time 
interval from said reference time. 



The control system as set forth in claim 2, wherein 
said controller reads the voltage across said wind- 
ing at a detection timing after a predetermined time 
from said reference time so as to determine said 
ongoing amplitude of said vibrator. 

The control system as set forth in claim 1, wherein 
said controller detects a time difference within said 
OFF-period between a first timing at which said 
voltage reaches a first reference voltage and a sec- 
ond timing at which said voltage reaches a second 
reference voltage which is different from said first 
reference voltage, said controller determining the 
ongoing amplitude of said vibrator from said time 
difference. 

The control system as set forth in claim 4, wherein 
said first reference voltage is zero so that said con- 
troller determines said first timing as said reference 
time. 

The control system as set forth in claim 2, wherein 
said controller detects a voltage difference between 
a first voltage of said winding detected at a first pre- 
determined time from said reference time and a 
second voltage of said winding detected at a sec- 
ond predetermined time from said reference time, 
said first and second predetermined times being 
within said OFF-period and different from each 
other, and said controller determining the ongoing 
amplitude of said vibrator from said voltage differ- 
ence. 

The control system as set forth in claim 1, wherein 
said OFF-period is defined within each cycle of said 
vibration. 

The control system as set forth in claim 1, wherein 
said OFF-period is defined to appear only once 
within more than one cycle of said vibration. 



9. The control system as set forth in claim 1 , wherein 
said controller is responsible for feeding said drive 
current in the form of a pulse-width-modulated 
(PWM) signal during said ON-period having a cor- 
respondingly variable width, and said ON-period is 
limited to have a maximum width. 

10. The control system as set forth in claim 1 , wherein 
said controller is responsible for feeding said drive 
current partly in the form of a pulse- width-modu- 
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lated (PWM) signal during a first ON-period of vari- 
able width and the rest in the form of a fixed width 
signal during a second ON-period of fixed width, 
said first ON-period occurring in a half cycle of a 
particular cycle of said vibration, and said second 5 
ON-period occurring in the other half cycle of said 
particular cycle so that said OFF-period occurs 
together with said second ON-period within said 
other half cycle. 

10 

1. The control system as set forth in claim 1 , wherein 
said controller includes a low amplitude compensa- 
tor which monitors the ongoing amplitude of said 
vibration and issues a restriction signal when said 
ongoing amplitude is lower than a minimum refer- 15 
ence amplitude, said restriction signal disabling to 
provide said OFF-period and at the same time elon- 
gating the ON-period to feed said drive current to a 
maximum extent over the following over the follow- 
ing predetermined cycles of said vibration. 20 
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